We develop two nonparametric approaches to analyze the empirical properties of economic cycles. The rst approach is based on almost periodically correlated time series commonly used in signal processing. Within this framework we depart from standard scheme of analysis that relies on stationarity assumption. The second approach is based on spectral analysis provided the stationarity assumption of cyclical uctuations. We contribute to the existing literature in both, theoretical and empirical aspects. From theoretical viewpoint we develop methods of formal statistical inference about the main properties of elements of the economic cycle. In the rst approach the testing procedure utilizing subsampling approach is proposed. In the second approach the method of analysis of concentration of the spectral mass is developed. Based on the monthly series of the credit aggregate and the industrial production, taken from selected European countries, we discuss the empirical properties of the credit cycle and we compare them with the production cycle. Our empirical ndings show substantial diversity of the credit cycle across analysed countries. Also cyclical component in the credit series is identied much stronger than in case of the series of industrial production. Also the production cycles are much more synchronized across countries compared to the credit cycles.
Introduction
The global nancial crisis occurring in the late 2000's has clearly shown the importance of nancial factors in the business cycle of developed economies. From theoretical viewpoint this importance was highlighted many decades ago by Fisher [1] and Minsky [2] , explaining this nancial eect by existence of nancial accelerator and also by the nature how debt may rise after economic booms (amplied by excessive credit) and fall unexpectedly casing serious distress. Prior to the crisis the most important questions related to the cyclical nature of economic activity concerned the real sector, making the business cycle the most important subject of inquiry.
Besides some exceptions, like for example Delli Gatti et al. [3] the pre-crisis paradigm was dominated by opinion that uctuations of the nancial system, observed asnancial booms and busts, have side eects; see Drehmann et al. [4] . Thus the notion of the nancial cycle was not represented in the postwar mainstream of economy.
After the global nancial crisis occurred in last decade a growing number of papers investigated nancial markets and banking sector in theoretical and econometrics modelling. Cúrdia and Woodford [5] 
considered modied
Taylor rule by incorporating variations in credit spreads and credit quantites. Teranishi [6] shows that the spreadadjusted Taylor rule (which includes a response to the * corresponding author; e-mail: eepipien@cyf-kr.edu.pl credit spread) is a theoretically optimal monetary policy under heterogeneous loan contracts. In Del Negro et al. [7] proposed by Harvey and Trimbur [8] and Trimbur [9] was developed by Koopman and Shephard [10] , and Pelagatti [11] . This approach is based on representing the component of cyclical uctuations in terms of ARMA (or VARMA) model with multiple complex conjugate roots in AR polynomial. The idea of such model has also in- (1371) terpretation in terms of the spectral analysis. One of the crucial property of such approach is ability to present concentration of the mass of the spectral density function around frequency of interest. The multivariate setting was considered in Azevedo et al. [12] where the model with stationary multiple cyclical process with common frequency at each coordinate was examined. Harvey et al. [13] considered the trivariate example. One of the possible disadvantage of the underlined approach is that only a single frequency representing common uctuations can be described.
There are several popular spectral measures used broadly in spectral analysis of the business cycle.
The theoretical background concerning representation of cyclical uctuations in terms of spectral characteristics can be found in Croux et al. [14] , Hamilton [15] , Priestley [16] , and others. Empirical analyses on the basis of spectral measures were presented in Ftiti [17] , Metz [18] , Orlov [19, 20] , Pakko [21] , McAdam and Mestre [22] , Uebele and Ritschl [23] , and others. The main purpose of such approach is to obtain the cyclical pattern on the basis of nonparametric band-pass lters well known since the late 90's; see Hodrick and Prescott [24] , Baxter and King [25] , Christiano and Fitzgerald [26] . The advantages and disadvantages of such detrending procedure is subject of serious debate initiated by Canova [27] and Burnside [28] . In standard nonparametric spectral analysis the stationarity assumption plays a central role making consistent estimation of the spectral density possible. However, the estimates depends on so-called spectral window and length of the bandwidth; see Priestley [16] , urbenko [29] , Lenart [30] .
In this paper we consider two alternative nonparametric approaches based on dierent but much more general assumptions compared to the examples of standard approach sketched above. The rst approach is based on representing cyclical uctuations in terms of almost periodic mean function utilising the idea of deterministic cycle; see Harvey [31] , Lee [32] , Lenart and Pipie« [3336] . In this approach we apply a non-standard subsampling procedure to make formal statistical inference about the stylized facts of cycles observed in the aggregate time series. We show that the cyclical nature can be modelled in a exible deterministic framework based on the mean function of the APC time series. The APC class is a generalization of the periodically correlated (PC) class of time series, introduced by Gladyshev [37] [36] . For a review of existing literature see Napolitano [49] . According to Hurd and Miamee [50] , the periodically correlated time series are nonstationary, where time varying unconditional expectation and autocovariance function exhibits regular periodic evolution in time domain. The generalization presented in Hurd [51, 52] and adopted in this paper assumes that the mean can be described by an almost periodic function.
The second approach is more popular and is based on detrending and nonparametric spectral analysis. However, the approach that we consider is not conventional since we are interested only in the concentration of the spectral mass. Consequently the estimation of the spectral density function on the whole interval is not necessary. At the rst step to estimate the spectrum of the process related to cyclical uctuations we use standard Hodrick and Prescot ltering procedure for dierent parameters of smoothness. The second step is not conventional. We use the natural interpretation of the spectral distribution function for ltered time series. Following by Croux et al. [14] we show that the allocation of the mass for spectral density function between two frequencies can be expressed in the terms of usual variance of the dierence between ltered processes.
The stylized facts concerning credit cycle for developed economies are well-documented in paper of Claessens et al. [53] , where seven developed countries was examined and in paper of Drehmann et al. [4] , where 21 advanced OECD economies was examined. In Ref. [54] by Apostoaie and Percic, the relations between the business and credit cycles in 20 advanced and developing EU economies are examined. Gomez-Gonzalez et al. [55] applied the Granger-type causality tests are carried out in the frequency domain to analyse the relationship between nancial and real business cycles for a sample of 33 countries.
The main empirical purpose of this paper is to characterize the credit and production cycle in selected developed and catching-up European economies. We analyse monthly series of the total credit and production. We make formal statistical inferences about the properties of the cycles. We discuss the empirical features of the cyclical components within the proposed methodology, and nally we extract them on the basis of the HP lter with an indirectly estimated smoothing parameter. The subsampling test of the signicance of a particular frequency is used to make a comparative analysis of the properties of the credit cycle among the selected European countries. Section 2 contains research methodology, while in the main part of the paper Sect. 3 we present the empirical results.
Research methodology
We develop two nonparametric approaches to test the empirical properties of the cyclical uctuations in credit and production.
The rst one described in Sect. 
Nonparametric exible deterministic cycle model
The standard approach in the analysis of cyclical uctuations assumes that the observed time series P t can be decomposed to the trend, seasonal and cyclical patterns.
As an example one may recall the unobserved component model proposed by Harvey et al. [13] . The most important cyclical component of analysed construct is stationary ARMA(2n,1) process ψ n,t with conjugate roots in AR part. In this approach, the trend component is an integrated random walk. Under appropriate assumptions the spectral density function of the cyclical component ψ n,t concentrate the mass close to unknown frequency λ c , which corresponds to estimated length of the cycle (the higher value of n, the stronger concentration one may obtain). In this way the cyclical pattern has only a stochastic counterpart.
In this paper we propose an alternative approach, where the cyclical pattern is modelled in nonparametric way by parameters of almost periodic mean function.
In our approach, we refer partially to standard decomposition of the observed series to trend and cyclical uctuations. The latter component is described by an almost periodic function represented by a countable set of frequencies. This concept can be found in Lenart and Pipie« [33, 34] and Lenart et al. [46] .
Let us consider the natural logarithm of the observed real-valued time series, denoted by {P t : t ∈ Z}. We assume that the unconditional expectation, denoted by µ P (t) = E(P t ) for the process {P t : t ∈ Z} is represented by the sum of deterministic function f (t, β) (polynomial of order d), parameterized by β ∈ R d , and almost periodic function g(t) of the form g(t) = The function g(t) can be written equivalently as
Under these assumptions the unconditional expectation of the process {P t : t ∈ Z} is given by the formula
It should be emphasized that our inference is not based on second order properties (i.e., spectral density function). The cyclical properties of the observed time series are modelled using an almost periodic function that describes time changes of the unconditional mean. We assume that the data are observed s times during a year. Let us consider Ψ P = Ψ P,1 ∪ Ψ P,2 ∪ Ψ P,3 where Ψ P,1 ⊂ (0, 2π/1.5s) corresponds to cyclical uctuations (each element ψ ∈ Ψ P,1 corresponds to the length of the cycle greater than 1.5 year and equal to 2π/ψ), Ψ P,2 ⊂ {2jπ/s : j = 0, 1, 2, . . . , s − 1} contains frequencies corresponding to the seasonal pattern and Ψ P,3 contains remaining frequencies. For example the set Ψ P,3
may contain frequencies that corresponds to trading-day eects; see e.g. Ladiray [56] , Lenart [57] .
We use two popular lters, i.e. centered moving aver-
The process P t has the following property: 
The testing problem (3) is equivalent to
The rejection of the null hypothesis in (4) is interpreted as the existence of the data support in favour of nonzero amplitude corresponding to a frequency ψ ∈ (0, 2π)
Such a frequency contributes as a cycle of a particular length in the observed deviations of the process {P t : t ∈ Z} from the trend. The details of both the analytical form of the test statistics, the critical values of the proposed test as well as a discussion about the subsampling method's consistency can be found in Lenart [45] and Lenart and Pipie« [33, 44] . Note that test statistics and critical values are continuous functions of argument ψ. Therefore, in practice, the signicance means that each frequency in some interval (ψ n,min ψ n,max ) exceeds the critical value.
Assuming that we have only one signicant frequency within such an interval, the natural estimator of this frequency proposed by Lenart [45] can be considered. 
Nonparametric approach within stationarity framework
Each stationary time series X t with zero mean and autocovariance function γ(τ ) is strongly harmonizable.
In this case there exists a right continuous orthogonal increment process Z(λ) such that Z(−π) = 0 and X t = π −π e i tλ dZ(λ). Additionally, there exists a measure with bounded total variation (called: spectral dis-
see Brockwell and Davis [58] , Loeve [59] , Hurd and Miamee [50] . Let us consider a sequence of disjoint intervals
Then the autocovariance can be decomposed to obtain the following form:
where A k e i τ λ dF (λ) can be interpreted as a inuence of frequencies from interval A j to total variability of γ(τ ).
If measure F is absolutely continuous with respect to the Lebesgue measure then exist a spectral density function
can be interpreted as a measure of total variation of the process corresponding to frequencies from interval [λ 1 λ 2 ]. It can be expressed in a following way: Suppose observe time series X t with the pseudospectrum S X (·). The ideal one-sided linear lter F λ (·)
This gives automatically the formula for two-sided ideal
According to standard spectral theory (see for example
Brockwell and Davis [58] or Croux et al. [14] with application to business cycles) in case of ltered time series F λ (L) the pseudo spectral density function has the form 
occur. Consequently the variance (6) can be interpret as a total cyclical variation in the interval [λ 1 , λ 2 ].
Since the ideal band-pass lter is a construct of an abstract nature, it is impossible in practice to concentrate spectral mass to a particular subset of frequencies. In this paper we use Hodrick and Prescott (HP) lter with usual variance estimator and numerical approximation to determine the estimates of the mass concentration under pseudo-spectral density function based on (6).
Let HP λ (L) denote the HP lter. In this case we rewrite analogous of the formula (6) 
The right side of (7) is interpreted as an approximation of mass concentration under pseudo-spectral density func-
Let us denote by X n = [X 1 , X 2 , . . . , X n ] the vector of observation. For any xed λ we denote by ψ n (λ) = [ψ 1 (λ), ψ 2 (λ), . . . , ψ n (λ)] the random element which is a cycle component in HP ltering procedure. More precisely using matrix notation
where the matrix A = [a ij ] n×n is a symmetric real valued matrix with the following elements:
6 for i = j and i = 3, 4, . . . , n − 2, −4 for |i − j| = 1 and i = 2, 3, . . . , n − 1, 1 for |i − j| = 2 and i = 1, 2, . . . , n, 5 for i = j = 2, −2 for |i − j| = 1 and i ∈ {1, n}, 1 for i = j and i ∈ {1, n}.
In this approach it is assumed the stationarity of cyclical uctuations and their zero expected value in contrast to the methodology presented in the previous subsection. From a practical point of view, the higher Table III, [60] and Drehmann [4] .
Next we extract the cyclical components from the analysed monthly series and present it in Fig. 3 (credit) and Tables II and III) is crucial for appropriate choice of ltration parameter.
The results discussed above were obtained on the basis of the deterministic framework that the cycle can be obtained on the basis of the process with almost periodic uctuations in mean function. We confront those results with the stochastic framework. Figures 5 and 6 present the concentration of the mass of the pseudo spectral density in case of credit (Fig. 5) and production (Fig. 6 ) in each analysed country. Presented plots are normalised to the scale from 0% to 100% and show the concentration of mass attached to particular set of frequencies. We split the whole analysed spectrum into four sets, namely the set of frequencies corresponding to short cycles (1. For qualitative analysis of dynamic dependence between production and credit cycle we performed standard lead-lag analysis. In Table VIII we present sample correlation coecients Corr(C t , P t+n ) between current value of the credit cycle C t and shifted value of the production cycle P t+n , for n = 0, ±1, ±2, . . . , ±8. The results were obtained in four cases of the smoothing parameter corresponding to 5, 10, 15, and 20 years, respectively. Positive sample correlations for negative n in each country except Lithuania indicate that the credit cycle precedes production cycle. This result could be particularly useful when building theoretical model of interactions between real sector of economy and the nancial system. Motivating the substantial role of the nancial sector Minsky [61] claimed that the production obviously precedes exchange of goods and production factors. But also there is no doubt that nance precedes production due to allocation process and necessary purchase of production factors. Our empirical ndings conrm Minsky hypothesis at least in case of the set of analysed countries. The results that the credit cycle precedes production cycle seems invariant with respect to the value of the smoothing parameter, however in case of much longer cycles the relationship between current value of the credit cycle and lagged value of the production cycle is stronger. For Sweden, Germany and France this relationship is very weak. In this paper we examine the empirical properties of the credit cycle in selected European countries using two alternative nonparametric approaches based on dierent but much more general assumptions compared to the standard approach. The rst approach is based on representing cyclical uctuations in terms of almost periodic mean function utilising the idea of deterministic cycle; see Harvey [31] , Lenart and Pipie« [33, 34] . The second approach is based on detrending and nonparametric spectral analysis.
In the empirical part of the paper, we analyse monthly series of the total credit and production using both methods. Using rst method we make formal statistical infer- Also the correlation analysis leads to comparable conclusions in set of developed and catching-up economies.
Except Lithuania the credit cycle precedes production cycle. This result conrms theoretical considerations driven initially by Minsky in 90's; see Minsky [61] .
